The angiogenic activity in the supernatants of cultured cells derived from human CNS tumors was examined by a bioassay method using chick chorioallantoic membrane (CAM). A quantitative assessment was designed to obtain a more accurate evaluation of angiogenesis on CAM.
Introduction
Since the previous in vivo assay techniques used to detect angiogenic activity produced qualitative data, an assessment of angiogenesis was made both qualitatively and quantitatively using chorioallantoic membrane (CAM).
Because one of the human glioma cell lines (KNS-42) showed marked angiogenic activity, changes in the angiogenic activity of the supernatant were examined following treat ment with heat or enzymes. The effects of irradiation of the cell on production of TAF were also examined.
Materials and Methods

I. Cells and media
All cells examined were obtained from surgical specimens in our department and were main tained in our laboratory (Table 1) . KNS-42, 60 and 62 cell lines established by Dr. T. Takaki in our laboratory were maintained in vitro for over 6 years. KNS-126 and 135 cell lines were derived from human glio blastomas. The KNS-42 cell line was shown to have glial filaments in the cytoplasm") and showed tumorigenesis in Lasat mice.20) KG-1 cell line producing S-100 protein was established by Dr. E. Miyake in our labo ratory. 13 ) The KNS-62 cell line was established from a metastatic CNS tumor (squamous cell carcinoma). 17) KNS-62-N cells were prepared by mincing subcutaneous tumors removed from nude mice previously inoculated with KNS-62 cells. No cell of any line showed contact-inhibition in vitro. Four meningiomas were used for the primary cultures. Human skin fibroblast cells were tested at early passages of culture (passages 6-9). All cells and cell lines were cultured in Eagle's MEM (Nissui, Japan) containing 17 % fetal bovine serum, L-glutamine (20 mM) and kanamycin (60 µg/ml). Table 1 Cells and cell lines used in this study II. TAF preparation The cells were cultured in tissue culture flasks (Ikemoto, Japan) or Falcon plastic dishes (Falcon, USA). When the growing cells became semi-confluent, the culture media were replaced with F12 nutrient media without serum and antibiotics. The cells were incubated for 24 hours at 37°C in humidified air containing 5 CO2. F 12 conditioned media were removed and the preparation was spun for 30 minutes at 2,500 x g. The cells of each line were harvested after removal of the supernatants and then counted. The supernatant solution was packed in cellulose tubing for concentration and dialysis. Then, the solution was concen trated using polyethylene glycol and dialyzed repeatedly against distilled water. The dialysate was filtered through a 0.45 um membrane filter (Sartorius, West Germany) and then lyophilized. The lyophilized samples were divided to correspond to the cell counts between 2.5 x 105 and 2.8 x 106. These cell-free crude specimens were tested for angiogenic activity.
III. Biological assay on CAM Each sample was dissolved in 25 yl of sterile water. A sterile disk, 5 mm in diameter and made of thick membrane filter (Sartorius, West Germany), was soaked with the sample and placed on the CAM. This technique was similar to the method described by Folkman and Klagsbrun et al.'°'°12) The fertilized eggs incubated in a humidified incubator at 37°C were turned once every hour. On the 8th day, a 1 cm square opening was made in the egg shell and the CAM was exposed by the false air sac technique'' 12) and eggs were returned to the incubator. On the 10th day, each disk of the sample was placed on the CAM. Prior to implantation of the sample, three tiny holes were made in the CAM with a 30-gauge needle at the site of the implantation. This procedure assisted in the absorption of the sample through the ectodermal layer of the CAM. The im planted eggs were incubated for a further 5 days, then 10% buffered formalin phosphate was injected. The CAM was excised and fixed in 10% formalin. Each fixed CAM was put on a glass plate with two concentric circles of 1.0 cm (C1) and 2.0 cm (C2) in diameter, which were separated into four quadrants (Fig. 1) . The center of the disk of the sample was adjusted to that of the circles and the glass plate with the CAM was inverted. The preparation was photographed using a Nikon Macro Photo camera (Nikon, Japan). The photographs, magnified 9 times larger than the object were used for observation of the vascular response of the CAM. Three to 20 chick embryos were used for each sample and more than 300 fertilized eggs were used for the biological assay.
IV. Qualitative and quantitative evaluations for angiogenic activity on CAM Angiogenesis was characterized by an increased density of vessels beneath and toward the disk. The typical positive vascular response was that of the "spoke wheel appearance" described by Folkman.''8) The following criteria were used to score the vascular responses. Negative : no vascular response or slight response within C1, weakly positive: weak response slightly exceeding C1, moderately positive: moderate response apparently exceeding C 1 but not C2, and strongly positive: strong response exceed ing C2.
The vascular responses on the CAM were influenced by many factors such as viability of the embryo, diffusability of the sample, wounds, inflammation, carrier materials and other technical failures. Therefore, both a qualitative and a quantitative analysis were used to accurately evaluate the angiogenic activity. The density of the vessels near the disk was compared with that away from the disk on the photograph. In the eggs used for each sample, regardless of whether the vascular responses were positive or negative, the number of vessels across a quarter of Cl (al, a2 ... a4) was compared with the number of vessels across the segment of the line of the same length (bl, b2 ... b4) drawn outside of C2 in the same quadrant where the influence of the sample was practically nil. Both numbers were analyzed using Student's t-test to eliminate individual differences among the eggs. The difference in the number of vessels was obtained from the following formula ( V. Characterization of TAF The KNS-42 glioma cell line showed a strong angiogenic activity in the supernatant and biological characterizations of the TAF were carried out using this cell line. In this procedure, the samples were prepared from the super natants corresponding to 1.9-2.5 x 106 cells. TAF samples were treated as follows : heating at 56°C and 80°C for 30 minutes, and exposure to trypsin (17 pg/sample, DIFCO, USA), ribonuclease (1.7 pg/sample, ribonuclease A from bovine pancreas, Sigma, USA) and deoxyribonuclease (1.7 pg/sample, deoxyri bonuclease I from bovine pancrease, Sigma, USA) for 30 minutes at 37°C and pH 7.4.
Biological changes in TAF production of KNS-42 cells by irradiation of the cells prior to TAF sample preparation were also observed. Before TAF preparation, the cells were ir radiated (Shimadzu X-ray, Japan) at a dose of 2,500 rads. The cultured cells were irradiated in a semi-confluent condition, the media were changed to F12 nutrient media without serum and antibiotics after washing, and the cells were cultured for a further 24 hours. The TAF samples obtained by the method mentioned above were examined.
Results
Cell-free supernatants obtained from 24-hour Table 2 ).
II. Vascular responses by TAF samples pre pared from KNS-62 and KNS-62-N The KNS-62 cell line which had been main tained in vivo for more than 6 years showed angiogenic activity with 2.8 x 106 cells/sample but no activity with 1.4x 106 cells/sample, whereas KNS-62-N cells which were obtained from KNS-62 bearing nude mice showed angiogenic activity with 1.3x 106 cells/sample (Table 2) . 
IV. Vascular responses in samples prepared
from human skin fibroblasts and other control materials The samples from human skin fibroblasts did not induce vasoproliferation with 1-2.5 x 106 cells/sample ( Table 2 ). The samples prepared from an equivalent amount of F12 media using the same procedures showed no response. Phosphate buffered saline and the membrane filter (blank) showed no response.
V. Characteristics of TAF Angiogenic activity in the supernatants of the KNS-42 cell line was not destroyed by heating at 56°C for 30 minutes or digestion with trypsin and deoxyribonuclease for 30 minutes at 37°C and pH 7.4 but was diminished by heating at 80°C for 30 minutes and exposure to r1bonuclease for 30 minutes at 37°C and pH 7.4.
TAF samples obtained from irradiated KNS-42 cells showed vasoproliferative activity with 2.2-2.5 x 106 cells/sample (Table 3) . These findings suggest that TAF is related to RNA in the tumor cells. 4. TAF producing ability of the cultured cells was not inhibited by irradiation, even though the cells were damaged to the degree that only a few colonies were formed.
